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Description 

Background ol the Invention 

The present invoniion relates to a process for 
electro pUtfbg a zinc alloy. 

In these days, as a surface treated steel having 
a soft plating surface, siretchablity, good affinity for 
a paint coaling and excelent rust prevention effect 
which require no heal treatment in a field of eutomo- 
biles, construction materials, appBances and the like, 
sleets which ere electroplated with such en alloy as 
zinc-iron, zino-cobaft, zinc- nickel and zinc* 
manganese have attracted public attention. Zinc-Iron 
plating wil be described. 

There are two processes for electroplating of a 
zinc-iron alloy, one of which employe a plaltog bath 
contaming sulfates of zinc and iron while the other 
employs a plating bath containing cttorirJes of zinc 
and ron. In case of the sulfate bath, such problems 
exist that liqud resistance is high and the deposition 
efficiency on a cathode is low because the pH H as 
low as i.o. On the other hand, in esse of the chloride 
bath, such advantages exist that liquid resistance is 
lower than that of the sulfate bath, the deposition ef- 
ficiency on a cathode is good and the appearance is 
smooth. 

Howevei, in case of the chloride bath, a chlorine 
gas which is harmful to an anode evolves. 

In case of the process for dectiooiatinfl the zino- 
iron alloy h which a titanium elect rode plated with r- 
Idium or platinum is employed as an anode, the life of 
the eJecirooe is as short as sever* thousand hours 
because the oxygen evolution occurs on the rid i urn 
or piai inutn.iMueu ar foiie. The valency of the ron tan 
in the piating; barn increases ri spite of the supple- 
ment of die piellng solution hecause the fron ioti Is 
oxidized on the anode. For this reason, the plating 
solution t» the plating bath is circulated to an electro- 
lytic reduction apparatus equipped with an Ion ex- 
change membrane to reduce Fe *♦ to Fe*\ fcven by 
this procedure, the zinc, the iron ion and the pH of the 
ptatitg bath become unbalanced so dial, because the 
plating thickness may change and part of the surface 
may become tough, large steel companies dscharoe 
about two ton/day of the plating solution that causes 
serious loss. 

in atom. Abstr.. vol 112, no. 6. 05.02,90, page 
577. abstr. no. 44303m. N. Mineo and Si. Funjya (en 
irwentoi of 0w present application) disdose the plat- 
ing of e zinc iron alloy on en iron plate (oat bode) by 
using a hydrogen depolarized gas diffusion anode, in 
a chloride zinc plating belli. Reportedly, chlorine was 
not g enerated and the surface ap pe arance of the plat- 
ed cathode was excellent. In the document DER- 
WENT/WPIL accession number 87/29«109 corre- 
sponding to Japanese application JP-A-622085W, a 
gas oifl usion electrode composed of a laminated film 



having a reaction layer and a gas diffusion layer- 
bonded fogedter tor use in fuel cetts. electrochemical 
reactions and as anodes for electroplating, is dis- 
closed. 

s Since the steel electroplated with the zinc-iron al- 

loy moves at high speed of 200 m/mkv in the small 
plating bath, the anode cannot be used rf the mech- 
anical strength is insufficient. The anode may be 
scratched and sparks when the anode contacts the 

io steel. 

Summary of rhe Invention 

An object of the present invention is to provide e 
is process for electroplating a steel with a zinc alloy us- 
ing a gas cSff usion electrode apparatus which does 
not require a frequent discharge of the plating solu- 
tion. 

A further object of the invention b to provide a 
20 process wherein scratches and sparks are prevented. 
The process for electroplating a zino-ron alloy 
according to the present Invention for overcoming the 
above problems comprises disposing in an electrolyt- 
ic cell a gas diffusion electrode apparatus courts rip 
2S a plurality of gas diffusion electrodes which function 
as an anode and are formed by a gas diffusion layer 
and a reaction layer being attached together, and an 
electnoconductrve i enforcing frame to which the gas 
diffusion elect rodea are supported; forming « zinc al- 
*s fcry plating i>aih on the fcdcuWi iayet skle <m the ew> 
trorytic ceJf which functions as anode chamber; sup- 
plying electricity to the gas diffusion electrodes 
through the reinforcing frame while supplying a hy- 
drogen gas to the eiectiofytic cell of the gas diffusion 
36 layer aide: and electro plat ing a steel with the zinc a U 
loy by passing the steel as a cathode material through 
the zii»c alloy bath. 

SiTce in the process for electroplating the zinc al- 
loy of this invention tlie gas diffusion electrode is em- 
4C ployed as an anode and the hydrogen gas is supplied 
to Die gas diffusion layer stoe of the gas diffusion 
electrode to make an anode reaction of (he plating 
bath to a hycrogen oxidation reaction, no oxygen 
evolves on the anode in case of the sulfate bath and 
*a no chtorii»e gas evolves on the anode so thai a 
smooth and gorgeous zinc aloy plating layer wtttoul 
burns can be formed on the steel passing through the 
plating bath. Further, ions in the plating bath such as 
ron. cobalt. mai»gartese and the like are not oxidised 
so on the anode, and even if they are oxidized on tte 
anode to be contaminated in the plating bath in Hie 
form of their ions, these ions are reduced by the gas 
diffusion electrode to lower I heir ionic valency so thai 
(he zinc Ion and the pH of the plat ing bath are never 
aa unbalanced. Accordi>gly, the plating bath can be ef- 
fectively employed without the olscharge of the pist- 
il K*it ioti, and t he plating thfcfcness of the zino-ron 
alloy appiieo to the steel does not change and the sur- 
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face does not partially I* com* rooc;h. 

Since a pfcjrality of the gas diffusion etectrodes 
are supported in the eJectroconductive reinforcing 
frame employed in the process for electroplating a 
*i*ch an alloy at zinc-iron, zinc-cobalt, zinc- 
manganese and ihe like as mentfoned before, me 
mechanical strength of the gas diffusion electrode 
functioning as an anode is elevated. Therefore, If Ihe 
steol moves at high cpeed in the smai plating bath. to 
the gas diffusion electrode Is never napped nor 
scratched and does not generate a spark 

Brief Description of Ihe Drawings 



is 

Fiqs. 1 z and b show a gas diffusion electrode 
employed it the process of the present invention, 
Fig. 1 a being a plan view and Fig. 1 b being an 
A-A sectional view of Fig, 1 a; and 
Fig. 2 shows a zinc-attoy electroplating bath em- iq 
ploying the gss diffusion electrode apparatus of 
Rg. 1. 

Detailed Description nf i he Indention 

In the gas diffusion electrode apparatus shown 
mFtgs. 1a and 1b, 1 designates a rectangular gas drf- 
fusion electrode. The gas oKfuskm electrode 1 is 
formed by a gas diffusion layer 2 and a reaction layer 
3 attached together, the gas diffusion layer 2 consist- so 
ing of hydrophobic carbon black and potytetrafluoro- 
ethylene, and the reaction layer 3 consistng of hydro- 
Phific carbon black carrying a platinum catalyst, hy- 
drophobic carbon black and polytetraftuoroethylene. 
A plurality of the gas diffusion electrodes 1, 10 dec- ss 
trodea in this embodiment; are installed end support 
ed in an etectroconductive reinforcing frame made of 
iujniwn. uuuptar, siriiiesa and Ihe like, in e lattice re- 
inforcing frame 4 made of titanium in this embodi- 
ineiri. A prolw:iiun nwrnw. 5 » tunned oti ttie i.w.i « 
surtace of the reinforcing framed at ins reaction iayer 
3 side of the gas diffusion etectrode 1 . 

Agaa diffusion electrode apparatus 9 employing 
the thus constructed gas diffusion electrode was dis- 
posed as an anode in an «!act nor/tic cell 10. and a « 
chloride bath 12 was filed In Ihe eel chamber 11 
formed on the reaction layer 3 side of the gas difKi- 
sion electrode 1. which defied an anode chamber 
1 3. A hydrogen gas was successively introduced Into 
the ceil chamber 1 3 on the gas diffusion layer 2 side so 
of the gas diffusion etectrode 1, from an inlet port 14 
so as to successively supply the hydrogen gas to the 
gas diffusion layer 2 side oi the gas diffusion etec- 
trode apparatus 9 end to simuttaneously dsoliarge 
the hydrogen gas from the gas diffusion electrode 1 w 
through a discharge port 15 of live oel chamber 13. 
At the some time, the current was passed to the re- 
spective gas diffusion electrodes 1 through tlx* rein- 
forcing I name 4. Under these crcumslances. a steel 



foil 1 6. as a cathode, was pas«ed through the pialfcg 
bath 12 of the cell chamber „ at a relatively high 
speed. 

By using ihe gas diffusion electrode 1 as an 
anode while supplying the hydrogen gas to the gas 
diffusion layer 2 side of the gas diffusion electrode 
1 so as to make the anode reaction of the chloride 
plating bath 12 to be a hydrogen oxidation react™, 
no chlorine gas was evolved on the anode. The ztic- 
iron aloy layer plated on the steel 16 was examined 
to have a smooth and gorgeous surface, without 
burns. Wl»en the steel was successively passed 
through the cell to effect the electroplating of the zric- 
kon alios', no iron Ion was oxidized on die anode from 
Fe *♦ to Fe *\ Even if Fe** is corrtaminated in the plat- 
ing bath 12, the zinc, the ion bn and the pH does net 
become unbalanced because Fe** is reduced on trie 
gas diffusion electrode 1 to F^Aawdingly. the cir- 
culation of the plating solution of the plating bcth 12 
to an eiectroiytic reduction apparatus equipped with 
an ion exchange membrane is unnecessary, and the 
plating solution of the plating bath 12 can be effec- 
tively used without being discharged. No venation of 
the thickness of the zinc iron alloy layer plated on the 
steel 16 and no partial roughness of the surface is ob- 
served. 

Since the gas diffusion electrodes 1 functioning 
as an anode are supported in the reporting frame 4. 
provicEng a high mechanical strength, the electrodes 
are not flapped nor bent even when the steel 16 
moves in the small plating bath 12 at a speed as high 
as 200 mAiiin. The protection members disposed on 
the front surface of the reinforcing frame 4, prevents 
Ihe moving stoeJ 16 from contact*^ the «&s^if;u*fcr, 
electrode 1 so thai scratches and sparks are not pro- 
duced. 

The invention will now be illustrated by E nam pies 
which, however, are to be considered a merely exem- 
pt y practice of Oms inver titan, mid not as a imitation. 

Example 

A ^diffusion electrode 1 havhgalengfhof 100 
mm and a width of 100 mm was formed by a gas dH- 
fuston layer 2 wtm a thickness of 500 pm and a reac- 
tion layer 3 with a thickness of 100 M m, attached to- 
gether. The gas diffision layer 2 consisted of hydro- 
phobic carbon black of average particle size 420 A 
and colytetrafluoroediylene of average particle size 
0.3 urn. The reaction layer 3 consisted of hyoYophilc 
carbon black of average particle size 420 A, carrykig 
a platinum catalyst load of O.samg/cm 2 . hydrophobic 
carbon black of average particle size 420 A and poly- 
tetrafluoroethylene of average particle size 0.3 jim. 
Ten gas diffusion electrodes 1 were installed and 
supported in an electroconductive reinforcing frame 
4 made of titanium. Aproteclion member 5 was equip- 
ped on the front surface of the reinforcing frame 4 at 
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the reaction Iayw3 side of the gas diffusion elect rode 
1. 

As shown In Fig. 2. a gas diffusion electron ap- 
paratus 9 was disposed h en electrolytic cell 10. and a 
a chloric bath 12 consisting of SOg/frter-FeCfe . nH, 
O. 245g/l*er-ZnCU . 1.5g/lfo*-NaPH,0 2 (pH=3.0) 
was filled tn the coll chamber 11 formed on (he reac- 
tion layer 3 side of the gas diffusion electrode 1 . A hy- 
drogen gas was successively introduced Into the cell to 
chamber 13, on tKe gas diffusion layer 2 side of the 
gas diffusion electrode 1 . At the same time, current 
was flown to the respective gas diffusion electrodes 
1 through the latticed reinforcing frame 4. Under 
these cirounstences. a steel cathode 16 was passed 15 
through the plating bath 12 of the cell chamber 11 at 
a speed of 200m/mfri.. at 0 current density of 150 
A/dm 2 and a bath votes© of 6.6 V so that the sled 16 
was electroplated with a zinc -iron aloy layer having 
ath(cfuTe»of4nm, ^ 

The gas diffusion electrode 1 was employed as 
an anode while supplying hydrogen gas to the gas cfif- 
fusion layer 2 side of the gas diffusion electrode 1 90 
as to make the anode reaction of the chloride plating 
bath 12 to be a hydrogen oxidation reaction. Nochlor- 2f 
ine ges was evolved on the anode. The nnc^ron alloy 
layer plated on me steel 16 was examined to have a 
smooth and gorgeous surface without burns. When 
the steel was successively passed to effect the elec- 
troplating of the zinc-iron alloy, no iron ion was o*i- 30 
dizedon the anode from Fe 2 * to Fe»\ Even if Fe 3 ' was 
contaminated in the plating bath 12. the zinc, the iron 
Ion and the pH did not become unbalanced because 
Fe^was reduced on the gas diffusion electrode 1 to 
Fa 2 *. Accoidingly, the circulation of the plating sotu- ss 
tion of the plating beth mi 12 to en electrolytic reduc- 
tion apparatus equipped with the ion exchange mem- 
brane was- unnecessary, and the plating solution of 
the plating bath 12 could be effectively employed 
without being discharged- No variation of the thick- 40 
rtesa of the zinc-ion alloy layer plated on the steel 16 
and no partial roughness on the surlace were ab- 
solved. 

Since the gas diffusion electrodes 1 functioning 
as an anode were supported in the reinforcing I name « 
4 so as to elevate the meclwnicai strength, the elec- 
trodes were not flapped not bent even when the steel 
16 moved in the narrow ptatiig bath 1 2 at a speed as 
high as 200 m/min. Since the protection member 5 
was formed on the front surface of the reinforcing so 
frame 4, the moving steel 16 was never in contact with 
the gas permeable electrode 1 so thai scratches and 
spark* were not produced. 

Siinilai insults were obtained when a sulfate bath 
was used in place of the chlorine bath. w 



Claim 

1- Aproce*«tore4ectro|rtatiTgaiinca]lc70flas1eel 
cathode rapidly moving through a one alloy plat- 
ing bafli, in a cell equipped with a gas diffusion 
anode in the form of laminated Him composed of 
a reaction layer and a gas diffusion layer bonded 
together, characterized by comprising 

supporting said gas diffusion anode on a 
latticed electroconducf ive reinforcing frame and 
distributing current to said gas diffusion anode 
tl trough said reinforcing frame; 

preventing a sliding contact of said rapidly 
movtog cathode wfth an opposing surface of said 
gas diffusion anode while restraining flapping of 
said gas diffusion anode by a protective latticed 
member disposed over said gas diffusion anode 
and fastened to said supporting reinforcing 
frame. 

2. A process as defined in daim 1. wherein said 
prating bath Is a chioride bath and said steel cath- 
ode moves through the bath, at a speed as high 
as 200 m/min. 



Petentanspriiche 

1. Verfahren zum BeMropteiberen ciner SrWegie- 
rung auf ehe sich rasch durch ein ZinMegJerung- 
Plstlierungsbed bewegende Stahlkelhode in ei- 
ner Zele, die ausgestattet ist mft einer Gasdiffu- 
aionsanode ti Gestatt einer aus einer Reaktions- 
schlchl und sine* Gasdirfusioosschieht, die an- 
elnander befeatigteind. bestehenden laminterten 
S chichi, 

dadurch gekannzttlchnet, 
dafi ee aufwetst 

Tragen der Gasdiftusionsanode an ein cm grtfer- 
Wrmigen, eisMHsch teitnlhigen, verslarkenden 
Rahmen und Vert ei ten von Strom auf die Gasdrt. 
fusionsanode durch den verstarkenden Rah- 
men: 

Verhindern einer gfeitenden BerOhrung der sich 
schnell bewegende n Kathode mit einer gegen- 
uberliegenden Oberflache der GasdWusfonsan- 
ode unter Eingrenzung eines Wrv und Herbewe- 
gens der GasdHtusionsanode durch ein ecmU 
zendes, gitterformtges Element, das fiber der 
GasdHtusionsanode angaordnet und an dam tra- 
genden. verstorkenden Ralimeii befestigt isl 

2. Verfahren nach Anspruch 1, be! dem das Plattie- 
rungsbad ein Chlortd-Bad ist und sich die Stahl- 
kathode mit einer GeschwiiKligkert bis zu 200 
m/min durch das Bad bewegi. 
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R«v#ndicatlone 

1. Proc*ctt d< dapot aactrolytique d'un alltaga da 

ancj iur une cathode en acier se deplacant rapi- a 
dement a travars un bain do dapol eJactrolytiqua 
□"(Ullage de zJoc dans une oetlule munle d une 
anodft 6 diffusion oaw*«e a/stm la form* dun 
film stratifie fart <fuiie coud»e de reaction et 
^ fusion gaz lieos ensem- „ 

We, oaraottris6 en ce qu'il comprend les elapes 
eonsistarrt 1* 

- supporter ladite anode a diffusion ga2euse 

un cadre de r»n*c<t elect rowKxJuctauf 
a mailes etenvoyer un ooumnt A ladite amy f5 
de a diffusion gazeusa par nmV*medfeiare 
dudft cadre de re n fort, 

- ernpecher le contact gfissant entre ladite 
Cfrfbode qui se deplace rapidemer* et une 
***** en vis-e-vfa de ladite anode e dh- its 
fusion gazeuse tout en evitant un pfiage de 
tatfite anode a diffusion gazeuse grace a un 
element de protection a mailes place au- 
oessus de ladite anode a diffusion gaceuse 

et fixe audit cadre de renfort et de soutien. » 

- Procede selon la revendication 1, dans lequel le- 

d* , bam de depot eiectfolytique est un bain de 

enlorures et ladhe cathode en acler se deplace 

dana '« 6310 * ***** au«i eJevee que 200 sc 
m/mln. 
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